Introduction {#S1}
============

It is estimated that half of the 10 million children under 5 years old, who die every year in the world (1000 child deaths per hour) are in Sub-Saharan Africa (SSA).^[@R1]^ Most of these children could have survived if they had access to basic services and to simple, inexpensive and easily implemented interventions.

The causes of high infant mortality rate (IMR) in SSA are well known. Some such as malaria disappeared from southern Europe only in the 1960s, while vaccine-preventable diseases (diphtheria, tetanus, whooping cough, polio or measles) disappeared later though not entirely. Children in underdeveloped countries are not decimated by exotic diseases but rather by common and frequent problems. Around 1.5 million children die from drinking unsafe water or the lack of access to water for personal hygiene and poor access to basic sanitation.^[@R2]^ This means that the improvement of some factors could reduce the IMR.^[@R3]^

Children born in SSA today have a life expectancy of 51 years, and almost 10% of them die in the first year of life. One hundred fifty five out of every 1000 children born today do not reach the age of five. IMR is particularly high in the first month of life, with a neonatal mortality of 40 out of every 1000 live births.^[@R4]^ The main causes are, in order of importance, neonatal causes (26%), child pneumonia (21%), malaria (18%), diarrhoea (16%), HIV/AIDS (6%), measles (5%) and accidents (2%). However there are differences in SSA between countries in the proportion of deaths attributed to HIV infection (probably due to poor records) and malaria (different endemic patterns in these countries).^[@R5]^

Achieving the fourth Millennium Development Goal (MDG 4), which requires reducing in two thirds the children under 5 years old mortality rate, between 1990 and 2015, involves reducing it from 9.7 million in 2006 to less than 5 million in 2015.^[@R6]^ It is clear that reaching these goals will require political participation, resources and suitable strategies at a level that has never before been seen.

The World Health Organization (WHO), in collaboration with UNICEF, implemented the Integrated Management of Childhood Illnesses (IMCI) strategy in the mid 1990s.^[@R7]^ The proposal is to reduce child mortality. For this the IMCI has set in motion preventive and curative interventions at the family, community and institutional level. A number of studies have demonstrated that this strategy is not only effective,^[@R8]^ but also efficient.^[@R9]^

The objective of this study is determining different types of factors (health services, economic and development factors) associated with the high IMR in SSA countries, by means of statistical models and with the latest data obtained from the main international information sources (WHO, World Bank, UNICEF and UNDP).

Materials and Methods {#S2}
=====================

An analytic ecological multi-group study^[@R10]^ was designed to compare rates between many regions during a single period. In this specific case each SSA country is used as an analysis unit. The 47 countries selected are: Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, Congo, Ivory Coast, D.R. Congo, Djibouti, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauricio, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leona, Somalia, South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda, Zambia and Zimbabwe.

The result/dependent variable is the *IMR (per 1000 live births)* obtained from WHO (World Health Statistics (WHS) 2007).

The independent variables are as follows.

Health services indicators
--------------------------

*Maternal mortality rate (per 100.000 live births):* WHO (WHS-2007).

*Prenatal care coverage (%):* UNICEF (Information by Country (IbC); statistics).

*Births attended by skilled health personnel (%):* WHO (WHS-2007).

*Children under 5 years of age sleeping under insecticide-treated nets (%):* WHO (WHS-2007). Except Equatorial Guinea, Ethiopia, Guinea, Mali, Namibia: UNICEF (IbC; statistics).

*Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%):* WHO (WHS-2007) Except: Angola, Botswana, Burundi, Central African Republic, Comoros, D.R. Congo, Equatorial Guinea, Ethiopia, Gambia, Guinea- Bissau, Sao Tome and Principe, Sierra Leona, Sudan, Swaziland, Togo: UNICEF (IbC; statistics).

*Children under 5 years of age with acute respiratory infections (ARI) taken to facility (%):* WHO (WHS 2007). Except: Angola, Botswana, Burundi, Central African Republic, Comoros, D.R. Congo, Equatorial Guinea, Gambia, Guinea- Bissau, Liberia, Sao Tome and Principe, Sierra Leona, Sudan, Swaziland, Togo: UNICEF (IbC; statistics).

Economic indicators
-------------------

*Gross national income (GNI) per capita (current US Dollars):* WB (World Development Indicators-2007).

*Government expenditure on health as percentage of the general government expenditure (%):* WHO (WHS-2007).

*Per capita government expenditure on health (PPP):* WHO (WHS-2007).

*Social security expenditure on health as percentage of the general government expenditure on health (%):* WHO (WHS-2007).

*Out-of-pocket expenditure as percentage of the private expenditure on health (%):* WHO (WHS-2007).

Development indicators
----------------------

*Adult literacy rate (%):* WHO (WHS-2007). Except Congo, Gabon, Mozambique, Nigeria, Sao Tome and Principe and Zimbabwe. UNDP (Human Development Report 2007--2008).

*Net primary school enrollment rate (%):* UNDP-2005.

*Population with sustainable access to safe drinking water in urban areas (%):* WHO (WHS-2007).

*Population with sustainable access to safe drinking water in rural areas (%):* WHO (WHS-2007).

*Population with sustainable access to basic sanitation in urban areas (%):* WHO (WHS-2007).

*Population with sustainable access to basic sanitation in rural areas (%):* WHO (WHS-2007).

All this information was used to first provide a descriptive analysis of the variables. The normal distribution was checked by applying the Kolmogorov-Smirnov test. The degree of the relation of the IMR with the remaining variables was studied by means of Pearson\'s correlations (r) in the bi-variate analysis and, finally, a multi-variate analysis was performed by applying a linear regression (R^2^) to obtain the factors associated to IMR. A value of P\<0.05 was considered significant. SPSS 14.0 (descriptive analysis) and Stata 10.0 (correlations and regression) statistical software packages were used to process and analyze the data.

Results {#S3}
=======

The descriptive analysis is presented in [Table 1](#T1){ref-type="table"}. The mean of the IMR is 92.19 with a standard deviation of 34.69.

Table 1Mean, range and standard deviation of indicators selected.IndicatorN (number of countries with available data)MeanRange (lowest-highest values)Standard deviationInfant mortality rate4792.19(12--165)34.69Health services indicators Children under 5 years of age sleeping under insecticide-treated nets (%)354.57(0--36)7.18 Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%)4149.95(7--89.1)19.50 Children under 5 years of age with ARI taken to facility (%)4143.32(11.8--75.3)15.69 Maternal mortality rate (per 100,000 live births)45835.42(24--2000)440.57 Prenatal care coverage (%)4377.16(28--99)17.88 Births attended by skilled health personnel (%)4653.39(6--99)21.83Economic indicators GNI per capita (current US\$).441445.22(140--8650)2174.62 Per capita government expenditure on health (PPP)4676.78(4--317)106.86 Government expenditure on health as percentage of the general government expenditure (%)469.78(2.3--28.8)4.64 Social security expenditure on health as percentage of the general government expenditure on health (%)353.21(0 --14.7)6.25 Out-of-pocket expenditure as percentage of the private expenditure on health (%)4577.77(17.2--100)27.01Development indicators Adult literacy rate (%)4161.87(19--91.8)20.71 Net primary school enrollment rate (%)3971.07(33--99)18.16 Population with sustainable access to safe water in urban areas (%)4783.23(32--100)14.60 Population with sustainable access to safe water in rural areas (%)4754.74(11--100)19.43 Population with sustainable access to basic sanitation in urban areas (%)4652.84(24--95)15.04 Population with sustainable access to basic sanitation in rural areas (%)4730.34(3--100)20.59[^3]

About the *health services indicators*, 4.57% of children under 5 years of age sleep under insecticide-treated nets, 50% of them receive oral rehydration therapy when they have diarrhoea, and 43.33% are taken to facility when ARIs are suspected. In relation to the maternal and perinatal data, there is a mean maternal mortality rate of 853.42, a percentage of prenatal care coverage of 77.16% and a percentage of births attended by skilled personnel of 53.39%.

The *economic indicators* show a GNI per capita of 1445.22\$ (current US\$) and a per capita government expenditure on health of 76.78\$ (PPP). The government expenditure on health as percentage of the general government expenditure is 9.78% and the social security expenditure on health as percentage of the general government expenditure on health was 3.21%. However the out-of-pocket expenditure as percentage of the private expenditure on health is 77.77%.

The *development indicators* show an adult literacy rate of 62% and a net primary school enrollment rate of 71%. In urban areas the percentage of population with sustainable access to safe drinking water is 83.23% and the percentage of population with sustainable access to basic sanitation is 52.84%. However these values are lower in rural areas, where 54.74% of the population has access to safe drinking water and 30.34% of the population has access to basic sanitation.

Correlations
------------

This study is presented in [Table 2](#T2){ref-type="table"}.

Table 2Bi-variate analysis (correlation) between infant mortality rate and the selected indicators.IndicatorPearson correlation index (r)Significance (two-sided)N (number of countries with available data)Infant mortality rate147Health service indicators Children under 5 years of age sleeping under insecticide-treated nets (%)−0.23\>0.0535 Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%)−0.39\>0.0541 Children under 5 years of age with ARI taken to facility (%)−0.05\>0.0541 Maternal mortality rate (per 100,000 live births)0.67\<0.0145 Prenatal care coverage (%)−0.46\<0.0143 Births attended by skilled health personnel (%)−0.55\<0.0146Economic indicators GNI per capita (current US\$).−0.41\<0.0144 Per capita government expenditure on health (PPP)−0.53\<0.0146 Government expenditure on health as percentage of the general government expenditure (%)−0.06\>0.0546 Social security expenditure on health as percentage of the general government expenditure on health (%)−0.41\<0.0535 Out-of-pocket expenditure as percentage of the private expenditure on health (%)0.19\>0.0545Development indicators Adult literacy rate−0.52\<0.0141 Net primary school enrollment rate (%)−0.4\<0.0539 Population with sustainable access to safe drinking water in urban areas (%)−0.47\<0.0147 Population with sustainable access to safe drinking water in rural areas (%)−0.5\<0.0147 Population with sustainable access to basic sanitation in urban areas (%)−0.2\>0.0546 Population with sustainable access to basic sanitation in rural areas (%)−0.42\<0.0147[^4]

### Health services indicators

Direct and strong relationship between the IMR and the maternal mortality rate (Correlation coefficient (r) =0.67; P\<0.01) and an inverse and strong relationship with prenatal care coverage (r=−0.46; P\<0.01) and with births attended by a skilled health personnel (r=−0.55; P\<0.01) is observed.

### Economic indicators

Direct relationship is observed with the out-of-pocket expenditure as percentage of the private expenditure on health, however it is weak and not significant (r=0.19; P\>0.05). The relationship is inverse with the remaining indicators. It is significant and strong for the GNI per capita (r=− 0.41; P\<0.01), per capita government expenditure on health (r=−0.53; P\<0.01) and the social security expenditure as percentage of the general government expenditure on health (r=−0.41; P\<0.05).

### The development indicators

The development indicators show inverse relationships in all cases, and are significant and strong for the adult literacy rate (r=−0.52; P\<0.01), net primary school enrollment rate[\*](#FN4){ref-type="other"} (r=−0.4; P\<0.05), the population with sustainable access to safe drinking water in urban and rural areas (r=−0.47; P\<0.01 and r=−0.5; P\<0.01) and the population with sustainable access to basic sanitation in rural areas (r=−0.42;P\<0.01).

Linear regression
-----------------

The data resulting from the multi-variant analysis are presented in [Table 3](#T3){ref-type="table"}. A linear regression model was applied, resulting in a model using the factors examined in this study to explain the IMR. The factors presenting statistically significant (P\<0.05) regression coefficient (R^2^) were selected in this case.

Table 3Linear regression model between infant mortality rate and the correlated indicators.Infant mortalityRegression coefficient (R^2^)tP\>t\[95% confidence interval\]Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%)−0.57−2.98P\<0.01\[−0.986 -- −0.16\]Social security expenditure on health as percentage of the general government expenditure on health (%)−2.64−3.63P\<0.01\[−4.2 -- −1.08\]Per capita government expenditure on health (PPP)−0.09−2.32P\<0.05\[−0.165 -- −0.006\]Constant134.4510.830.000\[107.82 −161.08\][^5]

Three factors inversely related to the IMR were found for this study, which are children under 5 years of age with diarrhoea receiving oral rehydration therapy (R^2^=−0.57; P\<0.01), the social security expenditure on health as percentage of the general government expenditure on health (R^2^=−2.64; P\<0.01) and the per capita government expenditure on health (R^2^=−0.09; P\<0.05).

Discussion {#S4}
==========

The classically used health indicators exhibited their increasingly close relations with the social and economic indicators.^[@R11]^ This relation has transformed them into social development indicators. The IMR in particular is considered one of the most useful indicators of health status, not only in children between birth and 1 year of age, but also of the whole population and the socioeconomic conditions under which they live. In addition, the IMR is a sensitive indicator of the availability, use and effectiveness of health care, particularly perinatal care.^[@R12]^

The bivariate analysis indicated relationships of more factors with IMR. The strong and direct correlation between maternal mortality and IMR is striking, though it is not surprising given that in SSA countries, the mother is a fundamental basis for the survival of her children, especially in their first years of life. The *role of women in SSA* is very important for the future development of this continent. Women are the main pillars of families^[@R13]^ and, therefore, of the society that will be formed by the coming generations. Education of women reduces the IMR and increases the general health of the population, as has been observed in the example of Kerala and Neuquen.^[@R14]^ Economic factors also show a strong inverse correlation. The out-of-pocket expenditure as a percentage of the private expenditure on health is striking because even though the correlation is not statistically significant, it is the only factor presenting a positive value (direct correlation) with regard to the IMR. This could support what has been published in a number of studies^[@R15]^ in relation to the financing system\'s inequity and inefficacy. However, it cannot be concluded that there is a relationship with the available data. The inverse correlations with development factors, especially the adult literacy rate and the net primary school enrolment rate, are also very strong. The efforts of many organisations to provide basic training, especially for mothers, give SSA countries a more hopeful future since, as has been observed, more education of the mothers reduces not only the IMR, but also morbidity and misuse of health services.^[@R16]^

This study revealed, in the multi-variate analysis, *three factors associated with the IMR*: a higher social security expenditure on health as a percentage of the general government expenditure on health, a higher per capita government expenditure on health and a higher number of children under 5 years of age with diarrhoea receiving oral rehydration therapy indicate a lower IMR. The first two factors are key for health policy planning. It has been demonstrated in several studies that equal access to health services is increased in *Social Security Systems*,^[@R17]^ resulting in a larger number of people who are receiving appropriate health care, especially children and mothers. There is a new perspective on the development of health systems based on Social Security financing in several African countries. They are showing an improvement in their sanitary situation as well as in their development situation, and, undoubtedly, these facts will have repercussions in their economies.^[@R18]^ It is surprising in this multivariate analysis model that no association was found with other indicators traditionally associated with high IMR, as sustainable access to safe drinking water and basic sanitation. Its association is well documented^[@R19]^ but since all countries have relatively, high level of access (83.23%) with relatively small variation among countries (range 32--100) data used may have failed to show any association in this analysis.

Finally, when assessing this data it is necessary to bear in mind *several considerations*. The data have been obtained from four different databases: WHO, WB, UNICEF and UNDP, and it may be problematic using them in combination; however, data collection methodologies are similar and therefore this effect on the final result is probably not relevant. In some cases, the information sources are based on estimates, thereby providing only a close to reality approximate of the situations in these countries. Furthermore, the lack of a great deal of this data makes the analysis less precise (though the lack of data also provides considerable information); nevertheless, the existing data provide a first step for planning future studies. The inherent limitations of ecological studies must be taken into account. The central problem is the one referred to by Selvin^[@R20]^ as *the ecological fallacy*, but classical examples, such as the Snow^[@R21]^ and Farr^[@R22]^ studies about cholera disease, show the advantages of this type of research, in spite of the important limitations in the detailed biological knowledge of this disease.

It can be said that it is necessary *to improve information and recording systems* in SSA countries. The situation in these countries cannot be improved if the problems and actual difficulties are not known. In addition, after conducting the study, it is striking that the factors associated with and correlated with the high IMR are the lack of basic infrastructures (water and sanitation), the lack of basic formal education (especially of women), the lack of an effective and efficient health system and the lack of a good government that is concerned about the social protection of its citizens and is able to invest in their health.

*The net primary school enrollment rate has been included due to its statistically significant r of virtually 0.4. It also shows one of the lowest N, therefore further data would probably provide a higher strength*.
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